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HERSCHEL-HIFI OBSERVATIONS OF H 9 IN HIGH-MASS 
STAR-FORMING REGIONS: FIRST RESULTS 

Floris van der Tak 1 , Fabrice Herpin 2 , Friedrich Wyrowski 3 and the 
high-mass WISH team 

Abstract. This paper reviews the first results of observations of H2O 
line emission with Herschel-HIFI towards high-mass star-forming re- 
gions, obtained within the WISH guaranteed time program. The data 
reveal three kinds of gas-phase H2O: 'cloud water' in cold tenuous 
foreground clouds, 'envelope water' in dense protostellar envelopes, 
and 'outflow water' in protostellar outflows. The low H2O abundance 
(1CP 10 -10 -9 ) in foreground clouds and protostellar envelopes is due 
to rapid photodissociation and freeze-out on dust grains, respectively. 
The outflows show higher H2O abundances (10 -r -10 -6 ) due to grain 
mantle evaporation and (probably) neutral-neutral reactions. 

1 Introduction 

In normal galaxies like our own, most stars have about the mass of the Sun, and 
only ~1% of stars is more massive than 10 M©. Despite this rarity, high-mass 
stars are a major source of radiative and mechanical energy input to the interstel- 

' lar medium, through ionizing UV radiation, strong stellar winds, and supernova 
explosions. High-mass stars are thus important for the evolution of their host 
galaxies, and form a link to starburst galaxies and the early Universe, where our 

, view of star formation is dominated by the high-mass range. 

The formation of high-mass stars is less well understood than the low-mass 
case, due to large distances, short timescales, and heavy extinction. Scenarios of 
monolithic accretion via a disk have had some success after suitable modification, 
in particular increased temperatures and stronger turbulence in the parent cloud. 
Alternatively, pre-stellar cores or protostellar envelopes may merge and/or accrete 
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from the same reservoir. In any case, feedback is important due to the clustered 
nature of high-mass star formation. 

While the angular resolution of ALMA will be essential to understand high- 
mass star formation on the 'disk' scale, Herschel-HIFI will clarify the picture on 
the 'envelope' and 'cloud' scales in at least three ways. First, HIFI gives full access 
to the H2O molecule, which is a key probe of interstellar physics and chemistry. 
Second, observations of hydride molecules are valueable probes of gas processing 
by radiation and shocks. Third, broad-band spectral surveys give a full view of the 
chemical composition of the gas, which is sensitive to parameters which are not 
directly observable, such as energetic (X-ray / cosmic-ray) irradiation and time. 
This review concentrates on H2O observations; the papers by Benz and Ceccarelli 
in this volume treat hydrides and spectral surveys, respectively. 

The H2O molecule is a sensitive probe of physical conditions in interstellar gas 
clouds, in particular kinetic temperature and volume density. Being a major car- 
rier of oxygen, the third most abundant element in the Universe, it influences the 
abundances of many molecular species. Previous space telescopes (ISO, Spitzer, 
SWAS, Odin) have observed H 2 lines, but had limited spectral or angular res- 
olution, or limited line coverage. The HIFI instrument on ESA's Herschel space 
observatory gives the first high-resolution view of the bulk of interstellar H2O, 
and H 2 is the subject of a dedicated G uaranteed Time program, ' Water in Star- 
forming regions with Herschel' (WISH; [Van Dishoeck et al.1 120111 ). This paper 
describes the results of the first observations within the high-mass subprogram of 
WISH. For a precise overview of all planned observations in this subprogram, and 
the results for low-mass protostars, see the contributions by Herpin and Kristensen 
in this volume. 



2 Results 



The fi rst observations were taken toward the DR21 region by IVan der Tak et al 



(2010). Eighteen positions along a North-South strip were observed in the p-H 2 
I11-O00 and 13 CO 10-9 lines. The H2O line profiles show broad absorption by the 
molecular outflow, narrow emission from the protostellar envelope, and narrow 
absorption by a foreground cloud. The envelope and the outflow are also seen 
in 13 CO emission, while the foreground cloud is known from ground-based data. 
Abundances of H2O, estimated with radiative transfer programs, are (10 -10 -10 -9 ) 
in the foreground cloud and the protostellar envelope, and a few 10~ 7 in the out- 
flow. Presumably photodissociation limits the H 2 abundance in the foreground 
cloud, which has a low extinction, while freeze-out on dust grains limits the abun- 
dance in the dense envelope. In the outflow, grain mantle evaporation liberates 
H 2 molecules into the gas phase. 

These results are confirmed and exte nded by the multi-line study of H2O to- 
wards W3 IRS 5 bv lChavarria et al. I (l2010h . The same basic three-component struc- 



ture is seen in the line profiles of H2O, and in addition, the broad emission from 
the outflow was found to be very strong in the lines from the excited J=2 states. 
This result suggests a high temperature for the outflow (>200K), high enough 
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that neutral-neutral reactions may enhance the gas-phase H2O abundance. In ad- 
dition, the spectra of this source show evidence for an enhanced H 2 abundance 
in the warm inner part of the dense protostellar envelope, where temperatures are 
high enough for the thermal evaporation of icy grain mantles. 

The low H 2 abundan ces in high-mass protos tellar envelopes are confirmed in 
the multi-source study by iMarseille et al. (I2010I) . Using radiative transfer tech- 



niques, H 2 abundances between 5xl0 -10 and 4xl0~ 8 are derived; the spread in 
these values does not seem to be linked to physical properties of the sources. In 

addition, several foreground clouds are found in H 2 ln-Ooo absorp tion. 

The relation between the H 2 and H 2 + molecules was studied bv lWvrowski et al 



Of 10 sources observed, 9 show H 2 + absorption, even when the H 2 line 



appears in emission. While H 2 + is most abundant in molecular outflows, it is also 
detectable in protostellar envelopes and foreground clouds. The H 2 + /H 2 abun- 
dance ratio is low in protostellar envelopes and higher in outflows and foreground 
clouds. Such a trend with volume density is consistent with the expectation that 
H 2 Q + is mostly present i n gas with a significant fraction of hydrogen in atomic 
form dNeufeld et alJl2010h . 



3 Conclusions and outlook 

The first results from the high-mass WISH program show that around high-mass 
protostars, H 2 is present in three distinct physical components: envelopes, out- 
flows, and foreground clouds. The abundance of H 2 is low in the envelopes and 
the foreground clouds, and higher in protostellar outflows. These results are simi- 
lar to those for low-mas s protostars, where outflows dominate the H 2 line profiles 
( Kristensen et all 201Clt ). Envelopes and foreground clouds are barely visible (if at 



all) in the data for low-mass protostars, which is very likely just due to limited 
sensitivity. 

Several projects are planned to follow up on these initial results. The H 2 
557 GHz line will be studied toward a few positions in infrared dark clouds. These 
data will clarify the role of water during the earliest stages of high-mass star for - 
mation, and also form a link with low-mass pre-stellar cores (ICaselli et al.ll2010h . 



A survey of 19 high-mass protostellar objects in the ground state line of p-H 2 
may reveal basic trends of the H 2 abundance with luminosity, mass, and other 
physical properties of the sources such as the presence of a hot core and an ul- 
tracompact HII region. At the same time, multi-line studies will be valueable 
to construct radial abundance profiles of H 2 0, which constrain possible forma- 
tion and destruction routes for H 2 0. Two-dimensional models may be used to 
derive detailed models of the source structure, and to evaluate the uncertainties 
of derived H 2 abundances. Large-scale (arcmin-sized) maps of H 2 emission 
and absorption towards star-forming complexes will constrain the spatial extent 
of dense gas and its role in clustered star formation. These maps may also be used 
to search for H 2 Q + emission, whi ch so far only has been seen in the nucleus of 
Mrk 231 (|Van der Werf et al-lfioioh . Finally, the PACS instrument will be used for 



imaging of lines of CO, OH, H 2 and other molecules at far-infrared wavelengths, 
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which will constrain the distribution of high-excitation molecular gas. Together, 
these observations will be a significant step towards understanding the physical 
and chemical processes during high-mass star formation. 
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